We report on the ability of human observers to discriminate local second-order shape of quadratic stereo-defined surfaces. Local second-order shape can be specified by two parameters: the curvedness (a scale-dependent quantity describing overall curvature of a shape) and the shape index (a scale-independent quantity describing the shape's appearance). We measured shape index discrimination thresholds of shapes subject to attitude and curvedness transformations. Results show that neither slant nor curvedness manipulations affect or bias observers' judgements of surface shape. Furthermore, ideal detector simulations show that observers do not perform optimally: they do not exploit all available information.
INTRODUCTION
In some aspects, the human stereo vision system is remarkably robust and accurate. An example of robustness is the fact that it can handle a 15% isotropic scaling of the image of one eye (Julesz, 1971) . The accuracy of stereo is illustrated by the fact that at the fixation point, performance of depth discrimination is comparable to that of two-dimensional vernier tasks (Berry, 1948 ). An intriguing question is whether the extraction of higher-order depth structure is also robust and accurate. In the field of three-dimensional shape-from-stereo research, Rogers and Cagenello (1989) show that curvature of cylinders situated at different distances from the observer could be compared accurately. This result, however, seems to contradict the findings of Johnston (1991), who reports a dependence of the perceived curvature on the observation distance. Actually, in Johnston's case, the task was to compare depth and height of the presented elliptical cylinders and not to judge curvature. The ratio of depth and height needed to perceive the cylinder as circular varies at different viewing distances. At far distances, Johnston's results suggests an apparent flattening of the shape, while at close range they indicate an elongation in the radial direction. This is explained by assuming that observers use a scaling distance that differs from the real viewing distance.
In three-dimensional shape perceptions with respect to a family of quadratic shapes subject to curvature scaling and attitude changes. As a byproduct of this research we are able to discuss the effects of misestimation of distance at our (fixed) viewing distance.
Shape dejinitions
We use shape measures which were proposed by Koenderink (1990) and which have been exploited in a number of recent papers (de Vries, Kappers & Koenderink, 199 1~ 1993; Erens, Kappers & Koenderink, 1991; van Damme & van de Grind, 1991 , 1993 .
These shape definitions are based on two quantities that play an important role in the description of local shape: the principal curvatures.
It is known from differential geometry that of the infinitely large family of curves generated by taking normal sections through a point on a surface, the curves that have minimum and maximum curvature (the principal curvatures K,,, and K,,,,,) lie in perpendicular planes. The curvature of the curves of all other normal sections relate to these principal curvatures in a very simple manner: ,,,, co? C#I + K,,,,, sin' 4,
where 4 is the angle between K,,,, and the curve in question (see e.g. Aleksandrov, Kolmogorov & Lavrent'ev, 1963) . Equation (1) line (see Fig. I ). Similar shapes have the
